The detection of myocardial injury in cattle caused by the ingestion of cardiotoxic compounds or cardiac diseases would be facilitated by the availability of a rapid and specific quantitative serum assay for cardiac troponins. Therefore, the accuracy of the only cardiac troponin T (cTnT) immunoassay to receive approval by the US Food and Drug Administration for the measurement of cTnT in human serum was evaluated to quantify the protein in bovine serum. Recovery experiments were performed by the addition of purified bovine cTnT to normal bovine serum. Cardiac troponin T was quantified using an immunoassay commonly used for the measurement of cTnT in human serum. The immunoassay demonstrated a well correlated (r 5 0.99) and linear dose-dependent response to bovine cTnT but with poor accuracy (slope 5 0.024; 95% CI 5 0.018 to 0.030). The mean recovery of bovine cTnT was 2.4% across a concentration range of 10 ng/ml to 1,000 ng/ml. These studies demonstrate that a commonly used immunoassay for the measurement of cTnT in human serum demonstrates poor accuracy for the quantification of bovine cTnT.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Cardiac troponin T (cTnT) is a cardiac specific marker used in the diagnosis of myocardial cell injury in humans and is elevated in myocardial infarction, 7 congestive heart failure, 20 cardiomyopathy, 19 sepsis, 21 and myocarditis. 9 Moderate increases in cTnT may be observed in patients with clinically stable renal disease but without acute coronary syndromes compromising the specificity of the biomarker. 11 There is a need to accurately and quickly determine myocardial injury in nonhuman animal models of cardiac injury and in routine veterinary medicine. Several cardiotoxic compounds cause morbidity and mortality in cattle, including ionophore feed additives, gossypol, and cardiac glycosides found in plants such as Nerium oleander, Asclepias spp., and Digitalis purpurea. 2, 4, 8, 13 In addition, congestive heart failure, cardiomyopathy, and myocarditis caused by a variety of etiologies occur in cattle. 17 The antemortem assessment of the presence and extent of cardiac damage associated with toxic and nontoxic etiologies would be facilitated by the availability of a specific biomarker of myocardial cell damage. Such a biomarker could also be employed for prognostic purposes. The use of cTnT detection as a biomarker of cardiac injury has been shown in canine, mouse, and ferret models. 14 Limited information is available regarding its performance in other animal species. A recent case report described the use of a qualitative cTnT assay in the diagnosis of myocardial injury in a calf with severe myocarditis. 5 This report describes an investigation regarding the ability of the only immunoassay a to receive approval by the US Food and Drug Administration for the measurement of cTnT in human serum to detect and accurately quantify bovine cTnT.
The immunoassay used for this report is a thirdgeneration electrochemiluminescent immunometric assay designed for the in vitro quantification of human cTnT in serum. This assay uses 2 monoclonal antibodies, M7 and M11.7, recognizing independent adjacent epitopes composed of amino acid positions 125-131 and 136-147, respectively, located in the central part of the 288 amino acid protein. 3, 12, 18 The assay coefficient of variation (CV) is 10% at a concentration of 0.04 ng/ml (human cTnT). 16 The accuracy of the immunoassay to detect bovine cTnT was determined using recovery experiments. Two different lots of a commercial preparation of bovine cTnT b that is .98% pure by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and designed for use as an immunoassay standard were used. Normal bovine serum was obtained from a healthy Holstein cow maintained by the University of California-Davis School of Veterinary Medicine. Bovine cTnT (100 mg) was reconstituted with either normal bovine serum or a Tris buffer recommended by the manufacturer of the protein (20 mM Tris, pH 7.5, 5 mM EDTA, 7 M urea, 15 mM mercaptoethanol) to a final concentration of 20 mg/ml and added to normal bovine serum to yield expected cTnT concentrations of 10, 20, 50, 100, and 1,000 ng/ml. Cardiac TnT concentrations were determined in quadruplicate in 2 separate recovery experiments.
The immunoassay demonstrated a well correlated (r 5 0.99) linear, dose-dependent response to bovine cTnT reconstituted in normal bovine serum although it did not accurately quantify the protein (slope 5 0.009; 95% CI 5 0.0087 to 0.0095). The recovery of reconstituted bovine cTnT in normal bovine serum was approximately 100-fold less than was expected and ranged from a mean of 1.2% (95% CI 5 20.03 to 2.4) at 10 ng/ml to a mean of 0.9% (95% CI 5 0.8 to 1.0) at 1,000 ng/ml.
One possible explanation for the low recovery was incomplete reconstitution of the commercial cTnT. The initial concentration of 20 mg/ml was not verifiable, as this material had been reconstituted in normal bovine serum. Therefore, the recovery experiments were repeated using a different lot of commercial bovine cTnT reconstituted in Tris buffer to achieve a concentration of 20 mg/ml. A Bradford protein assay 1 used in accordance to the manufacturer's instructions c confirmed the final protein concentration was 20.5 mg/ml. The concentration of buffer in the prepared specimens did not interfere with the analytical performance of the immunoassay (data not shown). Consistent with the initial experiments, the immunoassay demonstrated a well correlated (r 5 0.99) linear, dose-dependent response yet it remained unable to accurately quantify the protein (slope 5 0.039; 95% CI 5 0.038 to 0.041). Recovery of bovine cTnT reconstituted in Tris buffer was slightly improved from that reconstituted in normal bovine serum and ranged from a mean of 3.8% (95% CI 5 3.7 to 4.0) at 10 ng/ml to a mean of 3.9% (95% CI 5 3.4 to 4.4) at 1,000 ng/ml. When the data from both recovery experiments were combined, linear regression analysis indicated an average recovery of 2.4% (95% CI 5 1.8 to 3.0) ( Fig. 1) .
To determine if the low recovery was because of interferences that might have been present in the normal bovine serum, immunoassay standards were added across a broad concentration range to the bovine serum, and cTnT was quantified in singlicate. Recovery over a cTnT range of 0.16-20.0 ng/ml averaged 131% indicating that there was nothing in the bovine serum that would account for the low recovery of bovine cTnT.
Bovine cTnT is homologous to the cTnT of other animals, such as chicken, rabbit, quail, and rat. 10 Bovine and human cTnT amino acid sequences were compared by querying the Entrez Protein Database (NCBI) and found human (NP_001001430, NP_777196, P13789) and bovine (Bos taurus) (AAD51066) cTnT amino acid sequences. Overall, the 2 cTnT amino acid sequences share 88.9% identity. The epitope recognized by M7 is identical in the bovine protein with the exception of a lysine in place of an arginine at position 126 (position 129 in the human protein). Similarly, the epitope recognized by M11.7 is identical in the bovine protein with the exception of an alanine in place of an asparagine at position 139 (position 142 in the human protein). These minor differences at the 2 antibody recognition sites likely account for the poor recovery of bovine cTnT by the immunoassay.
These findings demonstrate that this immunoassay is not sufficiently analytically sensitive to accurately quantify bovine cTnT despite the similarity of amino acid sequences in the recognized epitopes between the human and bovine proteins. The 2 antibodies used in this third-generation immunoassay were previously used by the manufacturer in its second-generation assay. 12 Interestingly, the standard for the second-generation assay used a bovine cTnT standard, and an earlier report indicated that the M11.7 antibody had a low affinity for bovine cTnT, largely because it was produced using a human cTnT immunogen. 6 The third-generation assay uses recombinant human cTnT as standards.
The successful use by the manufacturer of bovine standards in the second-generation assay and the good linearity identified in this study from the third-generation assay both indicate that the third-generation assay may actually be able to accurately quantify bovine cTnT if appropriately calibrated with bovine standards. Alternatively, the assay might still be clinically useful if used to simply detect increased concentrations of cTnT in bovine serum. Based on the linear regression equation obtained from the combined recovery data and the 0.04 ng/ml functional sensitivity of the assay, a bovine cTnT concentration .3.75 ng/ml is quite likely to be clinically significant. Indeed, a rapid qualitative assay d with an analytical sensitivity of 0.08 ng/ml developed for the detection of cTnT in human serum produced a positive result with serum collected from a calf with histologically confirmed myocardial necrosis. 5 Regrettably, this case report provided no quantitative cTnT data, making it difficult to evaluate the analytical performance of the device. However, to be most clinically effective, any assay for cTnT (qualitative or quantitative) requires meaningful information regarding the upper reference limit of cTnT in cattle, and this remains unknown. Although other markers of myocardial injury were not investigated, such as cardiac troponin I (cTnI), a report by O'Brien et al. suggests that some cTnI immunoassays may produce accurate quantification of cTnI in bovine serum. 15 In summary, the only immunoassay to receive approval by the US Food and Drug Administration for the measurement of cTnT in human serum has poor accuracy for quantifying cTnT in bovine serum. This could limit its usefulness in detecting myocardial necrosis in cattle. 
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